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STEREOSCOPIC FILMING OF W I D  PROCESSES BY TWO INDEPENDENTLY 
OPERATING MOVING PICTURE CAMERAS 

/116 - 

A stereoscopic filming method is presented for producing 
stereoscopic pairs, within a certain allowable time period 
of desynchronization, by two cameras, each working independ- 
ently. The size of the exposure base, therefore, is of no 
consequence as each camera has no direct connection with the 
other. Accuracy of frame synchronization depends on the 
parameters of filming. Due to the operation of two cameras 
with different frequencies of exposure there occurs a super- 
positioning of frame exposures -- 
Soil dispersion caused by subterranean explosions is de- 
scribed as investigated by this method. Fulfillment of the 
conditions of this simultaneous exposure of frames depends 
on the stability of frequency exposure and for good results 
it is necessary to maintain exposure frequencies of an 
accuracy of % 1%. 

frequency pulsations ." 

In the stereoscopic filming of various rapid processes by two motion pic- 
ture cameras, particular importance must be attributed to operational synchron- 
ization of cameras necessary for simultaneous production of the exposed frames 
(stereopairs) (1, 2). With a disruption of operational synchronization dif- /117 
ferent phases of progress of the process under investigation are registered on 
the photographs of a stereopair. This in turn prevents an exact reconstruction 
of the stereoscopic model. The exactness of synchronization depends on the 
methods of synchronization. In stereoscopic filming with an intermittent film 
drawing, the operational synchronization of motion picture cameras can be 
achieved by various methods which are selected in accordance with the para- 
meters of the phenomenon under investigation and the filming scale as well as 
on the degree of desired accuracy of the stereomodel measurements. The latter 
is known to depend on the exposure base and on the distance of the object of 
filming ( 3 ) .  
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Fig. 1 Fig. 2 

When the filming is done from short distances and when the size of exposure 
bases is not large (up to %lm) it is convenient to use cameras supplied with 
specular stereoscopic attachments. 
ject there occurs a corresponding increase of the size of the base. If the 
base does not exceed 1.5-3m, it is possible to achieve a mechanical connection 

With an increase of distance from the ob- 

- /Numbers in the margin indicate pagination in the original foreign text. 
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between the two cameras. The cameras can then be connected kinematically and 
can be driven by a single motor. 
rigid and is within the limits of error of the kinematic pairs. 
crease of the exposure bases leads to constructional and operational diffi- 
culties, especially with the higher rate of filming (more than 50 frames/sec.). 

In that case the obtained synchronization is 
A further in- 

For large bases (larger than 3m) and considerably high rate of filming, 
the synchronization of two cameras can be achieved by telemechanical connec- 
tion. The main difficulty incurred with the use of this method is the neces- 
sity of construction of a complex and expensive electrical apparatus. 

The enumerated methods of synchronization are based on direct intercon- 
nection of operating cameras. It is possible, however, to obtain stereoscopic 
pairs by the use of cameras, each working independently and having no direct 
connection with the other. In such a case, therefore, the size of the ex- 
posure base is of no consequence whatsoever. It will be shown that accuracy of 
frame synchronization depends on the parameters of filming. This method of 
obtaining the stereopairs, within a certain allowable time period of desyn- 
chronization, depends on the principle of "frequency pulsation." Under cer- 
tain conditions during the operation of two cameras with different frequencies 
of exposure, there occurs a superposition (coincidence) of instances of frame 
exposure - "frequency pulsation." Then these points of "pulsation" correspond 
to simultaneous exposure of frames which in the case of stereofilming results 
in stereopairs. 

Let us make a more detailed study of the nature of this process. With a 
synchronous operation of two cameras, their work may be presented graphically 
as shown in Fig. 1. Here the exposure frequencies h and h of the two 

cameras are equal and the exposure of each frame of one camera occurs simul- 
taneously with that of the other. When two cameras operate at different fre- 
quencies of exposure (h # h ) it is easy to select their frequencies in such 

a manner as to have their ratio represented by whole numbers, prime with re- 
spect to each other. It is then possible to obtain simultaneously exposed 
frames as shown in Fig. 2. 

1 2 

1 2 

For example, it is easy to represent various ratios of exposure fre- /118 
quencies thus: 

etc. h k 2. 3 .  4 or -1 h = 2. -. 5 

h2 
1, = - = -  - - * * *  

5 '  7 '  h2 m 3 '  4' 5 

In this case numerator k and denominator m indicate the number of coinci- 
dent frames of each camera. 

Then the following relationships are true: 

2 Tst = ktl = mt 
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where t and t are t i m e  per iods  between two consecut ive frame exposures.  1 2 

Frequency of s t e reoscop ic  exposure is  determined from t h e  express ion  

and 

From express ion  (2) i t  fo l lows  t h a t :  

h l  = kn 

h2 = mn 

s t  

s t  

The d i f f e r e n c e  of t h e s e  express ions  g ives :  

(k - m), whereby 
h S t  

h i  - h2 = 

h = h i  - h2 s t  ( 4 )  

i f  k - m = 1. 

For independent ope ra t ion  of cameras, t h e  p u l s a t i o n  l a w  holds  f o r  a l l  /118 
cases of frequency supe rpos i t i ons  ( f o r  k / z  as i n  (1 ) ) ,  bu t  t h e  cha rac t e r  of 
p u l s a t i o n  is  no t  always t h e  same because then  t h e r e  i s  a p o s s i b i l i t y  of a n e a r ,  
bu t  no t  e x a c t ,  coincidence of frames. 

This  is  i l l u s t r a t e d  i n  Fig.  3 ,  where t h e  two top  l i n e s  show ope ra t iona l  
t i m e  c h a r a c t e r i s t i c s  of two cameras wi th  t h e  r a t i o  k/m = 2 / 3 ,  where t h e r e  ex- 
ists a s t r ic t  coincidence of exposure i n s t a n t s  a t  t h e  "pulsat ion" p o i n t s .  
Lower l i n e s  r ep resen t  o p e r a t i o n a l  t i m e  c h a r a c t e r i s t i c s  of cameras wi th  somewhat 
s h i f t e d  phases which r e s u l t s  i n  t h e  non-exact coincidence of exposure in- 
s t a n t s  a t  "pulsa t ion"  p o i n t s .  
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Fig. 3 

The maximum non-coincidence of frames at "pulsation1' points determines 

Atr the possible desynchronization time 

of graphics for various shift-values, with variable values of k/m and con- 
stant value of (k - m) = 1, it is not difficult to obtain the following re- 
lationships: 

of this method. From the analysis 

- - - t2, or for a general case with (m - k) # 1: 1119 
Atr 2 

1 1 
- 2 t 

- 1 t 
Tst - - - - - - - - - = - 2 t - t  1 At = r 2(m - k)- 2mk 2m 2k 2mn 1 2kn2 

These relationships can also be proved using t k  theory of 
If the possible time At of desynchronization is assumed to be r 

(5) 

numbers methods. 
equal to the 

allowable time At of desynchronization or less than it, time At can be 

neglected because then it does not affect the accuracy of the stereoscopic de- 
terminations. The allowable time of desynchronization (the allowable error in 
synchronization) is determined on the basis of theorems of stereophotogrammet- 
ry. It is known (2, 4 )  that the parameters of ground stereoscopic exposure 
are bound by the expression: 

r.al. r 

where y is the distance of cameras from the object under investigation (the 
remoteness); B - the exposure bases; f - the focal distance of cameras; and 
p - the measured parallax. 

Differentiating this expression with respect to p and replacing the value 
of p as given in (6) we obtain: 
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V 

dy = dp (7) 

where dy is 
surement of 

the error in determination of remoteness caused by error in mea- 
parallax - dp. 

Since desynchronization time t should not result in errors in determin- r 
a t ion  of y by amounts greater than the allowable errors dy, 

Atr .al. V L  

where V is the velocity of the process under 

From expressions (7) and (8) it follows 

dYY 

investigation. 

that: 

. .  Atr.al. 5 & dp 

If the error in measurement of horizontal parallaxes dp is expressed in 
terms of allowable tolerance in the photographic image, then: 

1 1  d p %  - % -  2N Nst 

where N is the allowable stereoscopic print tolerance and N is the allowable 

photographic tolerance. 
st 

Atr.al. 2- Y 

This expression 
ization on the basis 
under investigation. 

permits determination of the allowable time of desynchron- 
of the principal parameters of exposure and the process 
Substituting the value of tr for (5) in expression (11) 

it is possible to find all parameters of exposure for which the possible time 
period of desynchronization is equal to or less than its allowable value: /120 

4mnly 4kn7y - v L  BMN BMN 

5 



This  formula permi ts  t h e  eva lua t ion  of t h e  p r i n c i p a l  parameters  of ex- 
posure.  Knowing t h e  frequency of s t e reoscop ic  exposure h (21, ( 3 ) ,  (4) and 

t h e  du ra t ion  T of exposure r e g i s t r a t i o n  i t  i s  p o s s i b l e  t o  determine t h e  t o t a l  
number of s t e r e o p a i r s  obtained:  

s t  

hlT h2T 

k m 
1 = hstT = - - - - 

Motion p i c t u r e  camera I Motion p i c t u r e  camera I1 

4 

1 

Fig.  4 

This  express ion  i s  t r u e  f o r  t h e  processes  of cons tan t  speed va lue  
I n  i n v e s t i g a t i o n  of processes  whose v e l o c i t i e s  vary ( f o r  ex- "ma, 

ample from V = 0 t o  V = V ) t h e  number of s t e reoscop ic  p a i r s  i s  cons iderably  

l a r g e r ,  because,  w i th  v e l o c i t i e s  V = V 

c o n s i s t s  no t  only of frames which correspond t o  "pulsat ion" p o i n t s  bu t  a l s o  
of o t h e r  in te rmedia te  frames. 

= cons t . ) .  

m a s  
t h e  number of s t e reoscop ic  p a i r s  max ' 

I n  p r a c t i c e ,  t h e  method of s t e r e o p a i r s  based on t h e  p r i n c i p l e  of " f re -  
quency pulsa t ion"  w a s  used i n  i n v e s t i g a t i o n  of s o i l  d i s p e r s i o n  caused by sub- 
t e r r anean  explosions.  Two moving p i c t u r e  cameras w e r e  used f o r  s t e reoscop ic  
f i lming .  The cameras w e r e  p a r t i a l l y  modernized (frames w e r e  marked, levels 
w e r e  i n s t a l l e d ,  r ep laceab le  o b t u r a t o r s  and t i m e  meters w e r e  used) .  The f r e -  
quencies  of exposure v a r i e d  from 20 t o  30 frames/sec.  The process  v e l o c i t y  
w a s  t h a t  of 50 t o  150 meters/sec. The exposure base  v a r i e d  w i t h i n  t h e  range 
of 10 t o  30 meters. 

The processing of t h e  enlarged p r i n t s  w a s  made on t h e  s te reometer  SM-4 
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(Russian: CM-4). The r e s u l t s  of measurements w e r e  used f o r  r econs t ruc t ion  of 
t r a j e c t o r i e s  of s o i l  d i spe r s ion .  I n  s p i t e  of t h e  imperfec t ion  of motion p ic -  
t u r e  cameras wi th  regard t o  requirements of photogrammetry, t h e  accuracy of 
coord ina te  system de termina t ion  w a s  t h a t  of 1/600 - 1/800 of t h e  y-value. 

For r ap id  r ecogn i t ion  of s t e r e o p a i r s  on t h e  f i lms ,  t h e  appara tus  w a s  pro- 
vided wi th  s p e c i a l  markers f o r  impr in t ing  t h e  l i g h t  s i g n s  on the  frames which 
corresponded t o  sfmultaneously open o b t u r a t o r s .  I n  Fig.  4 ,  1-1' i n d i c a t e  
neon l i g h t s  connected i n  series and burning a t  t h e  simultaneous c los ing  of con- 
t a c t s  6-6'; 2-2' are s l o t t e d  diaphragms; 3-3' are l e n s e s  f o r  formation of i m -  
ages of s l o t t e d  diaphragms on t h e  moving f i l m s  4-4'; 5-5' are camera obdura- 
t o r s ;  6-6' i n d i c a t e  con tac t s  c los ing  by cams 7-7' which are r i g i d l y  connected 
wi th  the  o b t u r a t e  a x i s ;  I ,  I1 are l i g h t  images i n d i c a t i n g  s t e r e o p a i r  frames. 

With a s m a l l  number of frames, t he  s t e r e o p a i r s  are e a s i l y  loca t ed  on t h e  
enlarged p r i n t s .  A 3 t o  5 t i m e s  enlargement of t h e  frame ( f o r  equal  s c a l e  of 
exposure) causes  the  corresponding enlargement of t h e  dimensional e r r o r  of i m -  
age,  when t h i s  e r r o r  l i e s  wi th in  t h e  l i m i t s  of photographic  to l e rance .  There- 
f o r e ,  t he  s t e r e o p a i r s  are e a s i l y  loca t ed  by simple measurement of image dimen- 
s ions .  With a l a r g e  number of frames, f i r s t  s t e r e o p a i r s  are loca ted  by m e a -  
surement and t h e  subsequent ones wi th  the  use of r a t i o  k/m. With such methods 
of f i lming  n o t  a l l  frames are s t e r e o p a i r s .  It must be observed, however, t h a t  
u sua l ly  the  f i l m  bear ing  s t e r e o p a i r s  i s  used not  only f o r  s t e reoscop ic  measure- 
ments, but  i s  i n  i t s e l f  a document, a p a t t e r n  f o r  making a motion p i c t u r e  f i l m  
and f o r  making measurements of t h e  phenomenon under i n v e s t i g a t i o n .  

With the  usua l  motion p i c t u r e  f i lming  used f o r  t he  s tudy  of t h e  phenom- / 1 2 1  
ena of explos ions ,  t h e  motion p i c t u r e  i s  dup l i ca t ed  and t h e  f i lming  i s  done by 
t h e  use of two o r  t h r e e  cameras. I n  such cases  t h e  use of "frequency pulsa-  
t ion ' '  methods provides  a d d i t i o n a l  information.  It must be noted a l s o  t h a t  t h e  
f u l f i l l m e n t  of condi t ions  of "pulsa t ion"  depends on t h e  s t a b i l i t y  of frequency 
exposure. Therefore ,  an a n a l y s i s  w a s  made of t h e  e f f e c t  produced by i n s t a b i -  
l i t y  e r r o r s  on synchroniza t ion .  I n  t h e  e s t a b l i s h e d  work regimen t h e  s i g n  of 
exposure frequency e r r o r  i s  s u b j e c t  t o  cons tan t  changes. A s  was found by a 
series of experiments,  f o r  s u f f i c i e n t l y  good r e s u l t s  ( a t  h S l O O  f rames/sec.)  
i t  i s  necessary t o  maintain exposure f r equenc ie s  of an accuracy of Q 1%. 

Conclusions.  

The analyzed method of ob ta in ing  s t e r e o p a i r s  by t h e  use of two motion p ic -  
t u r e  cameras pe rmi t s  s t e r eoscop ic  f i lming  ( f o r  measurement purposes) wi th  any 
bases  of exposure without  t h e  n e c e s s i t y  of e s p e c i a l l y  cons t ruc ted  complex 
appara tus  f o r  synchroniza t ion .  

The au tho r s  express  t h e i r  g r a t i t u d e  t o  N .  W. S i t s in skaya  f o r  t h e  d i scuss ion  
of t h i s  work. 
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